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PROBLEM TO BE SOLVED: To lessen a TAT current 
dependent on a gate end electric field of a cell transistor 
and to restrain a leakage current leaking from a capacitor by 
a method wherein a first specific impurity concentration first 
semiconductor layer is formed on a source/drain region, and 
a second specific impurity concentration second 
semiconductor layer is formed on the first semiconductor 
layer. 

SOLUTION: Pads 10a to 10c (doped with phosphorus or 
arsenic of concentration 5 X 1017 to 1 X 1020/cm3) are 
provided between insulating films 701a to 702b, coming into 
contact with source/drain regions 6a, 6b, and 5. The 
semiconductor substrate 1, the insulating films 701a to 
702b, and the pads 10a to 10c are covered with an 
interlayer insulating film 12 and a silicon nitride film 14, and 




trenches 9a and 9b are provided. Storage nodes 11a and 

11b (doped with phosphorus or arsenic of concentration 1 x 1020/cm3) are formed in the 
trenches 9a and 9b coming into contact with the pads 10a and 10b are coming out of the 
silicon nitride film 14. Polysilicon recessed lower electrodes 15a and 15b (doped with 
phosphorus of concentration 4 x 1020/cm3 or above) are formed on the silicon nitride film 14 
coming into contact with the storage nodes 11a and 1 1b. 
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0"/cm3m±^l XI 020/ c -m3JSLTO^ 1 <0/F#fi 
feiSS * *i- * ft 1 t , 

IMB»l*»fl«±URU&n, ^4 X 1 020/ cm 3 
&±CDft 2 OTOftttttft *r*-t * it 2 t , 

ftTEft 2 *M»^JtKtttt'b*LfcR*flEJB t „■ 
wer X l>*mr f B JITIB ft 2 ^MMM t * K * * v io 
**flM6U MEft 2**#itttflHfitt4Itk 

ffiieft ttE*H*B*R+*Jta'*-** h 

VKW>«*i ©wu^t * ? k 1 4- * > 
i e«<^m u -t^o 

[f*#«3] HflEft TftE+^v*** 
Kis^X^Sflrf «*JRl3Z.(i2IBm<o>^e 'J-fc 

ffit i^i-h-t}^ h 7 > v'* 5 30 
TttfE-t )l>h7> 9±.\~Mi& £ *l£ft 1 Jg NttfRR 
fc> 

*re»i»H«isR*irau -otwev-*/ ku^ 

> «*± K g£ »* ti tz ft 1 t , 

frisft 1 sni&itRi; «t •=> rufEHr/u h7>->^^t m 

S*t£ft2gm#i:, 

ffijKft 1 Y7>V*9 Ctt LT«Mi«»Bt«-^ l-TlBE 

S/***©-©1foEV-.*/ KU-T 

il&E*WieJStR'H~i3v»T, flJEfti h 7 offi 
E-<ov-*/ YV4 >i&i$.bmu* * 9 b<r>m~ so 



2 

>$S*££;ff-r-i>ft2 t- 5 >v** 

frisfti Y7>v*9<om%ir- vmmitm2nmmz 

J: *Bfc*U t&Eft2 h 7 > 9 ©fl&E- 

*i-F*titrE» 1 Y7 >v*fi<Dfii&y- 

W^iiefE^co^^eu-t^o 
[is#?s 8 ] mreft 2h7> * «±, MiEft 1 h 5 

>v**W±;>j(clS:tf e^/cy- h^ffii, ME^- h 
tt&OflUSfrBd ft 2 feJtJRfc 

Hfrisft 2 h7>-^^ ©mriB-** © v-vkm>* 
utrEft 2j»^s-^LT-e-n-mmiEft 2 h7> 

y^^OtWIBr- lf*«6fEffi<0> 

MIEftl h 5 >v^^<D«aiC$fe3JloTfrfEft2 K5> 
[R*JI10] fltrlBft2 h7>VAfi<D— wuev- 

^tFlEft 2 b7^v^^ liWIE-WW >f 

i«ria»2i»it*t»i-*iitHE*i»*«o*iB*i» s^s 

Vfimn^tt: < tt^fjtA>-M f *ASiiTV^, ft 
3£JS6fE«tfi9^* , ;-fc;i'o 

1 1 ] MIEft 2 h 7 > 9 omrffi— »o v 
-^/Klx^ >®MtS-r*«rfEft2jt6»lBlO«lll±K 

[il#JS 12] ( a ) ¥-mfc&fa<D±.W iZ-tt<DV - 
I8i, 

(b) — OlWIBV-^/KU-f >««**HJ + * HU> 

(c) IWEh u>*ort»u»ft**#K*j&jfc-i-*x 

fit, . 

(d) MfES?<b^jf«:R^^LTfrfE h U>^«rSJ6ii 

(e) lffi!E»#ii*#*^LTinr!E-<OV-*/KU'f 

1 3 ] iWBBie ( c ) \t ( c - 1 ) NGhl/ 
> f- UJ* L r#*#K * JgfiS t * iff t , 
(c-2) «FE*#flsfl«r»ftLrlllrffiBeffc**flsR* 

(c-3) l»EBiffc*«flKR4-jB*!WUl»*LT, ME 



(3) 



&m 2 0 0 0 - 3 4 9 2 5 8 
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Jfcii 1 2 EffcO;* * 'J -fe/UOiajfcfctto 
[»**14] fflBXg (d) 14 (d-1) tffE-0 

(d-2) tiTEiKS! H ^ >V*9 hUftt * 9 t£ 
J£#1"*I« "Ml 3 

IB® <o > * -t «o sail y£ o 

5] fSI8 (d-2) »i, 
(d-2-1) t&E«iHh?:'5>**©.h#KiSV»T«r 

( d - 2 - 2 ) ltrE*i«M*:#*Hwft*XW , **Oil ? * < 
[ft#JRl6] (a) *m&&fc<0 ±W\Z- ft <OV- 

(b) Kriar- h «»lil«:JBJ£+*i 

Si:, 

(c) -<z)iiiFEv-x/KW>3S&XK**i^ft#*r 

ftm2fltz—ft<OV-A/Vl"t 2 b 

(d) KTEJIS2 b 5 V5>***4rLTfltE*l b7>v 

^yHMtJIgt« 'J -to *©|!H6:* 

[B*JI17] flrEI8 (c) it (c-1) -OWE 
V-VKM v«*±fc1»E*»Rfc»ttr**i** 

(c-2) 1tjE*jf^l--<*>*viALT, fflE#2 

+ IS J: 6E 

[H## 1 8 ] WEI8 ( c ) 14 ( c - 1 ) -OME 

OfiACVDCicit^ WE^2 ft 

-fcboflrE* l b7Vv**14*ft^ft<0<i!i<GiffiEv- 

IWEia ( c ) 14 ( c - 2 ) WEIS ( c - 1 ) U. 
*>, «rE«JOV-*/Kl"f XHaJi-CfltrE-WoJS 1 
b 9 > v^W-f-ft-rftwSliEr- bfcffilBkbwMfcE 
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(c-3) HEie (c-1) O&K, ttEX4Mfe*lft 

[SSWoSMBIfciJiW] 
[0 0 0 1 ] 

£©»9§U\ DRAM (Dyna 
mic Random Access Memory) <£M ^& 'J L> 

io rtLT«®£ftTv>£1tg«0^')-fe;w::H1-&o 
[0 0 0 2] 

[&#<0&#r] DRAM14, ^JkOEttfllWiafai - * 

«4, */hEflMM£fcffi£i" * > * U -b JV-ri^&fflE?!! £ 

•v^-fv'^tx itii:«^eitS-P<OMOS (Metal Ox 
ide Semiconductor) b 5 V * (-fe b 5 V 
20 tTi^Wffi^^So fU^ * ^v* ^^5cOmW 

^«£*tTV>*;o>g?5>35 t 7'-*" 0" > " 1" (*>-£> 

[0 0 0 3] 125 Ott&MfKJ&DRAMO^'J-b;^ 
0 0 A<7>^ffilSI8 : £r^1-0S&[lI-C-;fc.& o >*.'J-b;l'2 0 
0 A f4+ ?201t-t)H'7V ? 2 0 2 fc "C 

fllj££:ri."CV>*o * 2 0 1 14. ^©-SCSS 

mz.if *<vmm**fl' b 9 

SV*9 2 0 2 *4hLTlf? b*&2 0 3 lC«^?^-6o 
-tJl/ b 9 > 2 0 2 <OY- YW&ltV- 

30 2 0 4 ^cgSc^i^^ Ify higl2 0 3 5&*SM&S*L*-fc V* 
T>"7'2 0 5 t#E^tfrv^ 0 t^h?'/^* 2 0 
2<Olf^bi8a203i:^--\'^^>^20 1 t*®^* — 

■f, *-»'JTOtt«&»i:*ofciJ (V-^) , *>*VM4 

i-*cO-C. WTT-14 V-*/ Kl"f Vfcv^*5t^r^ffl 

[0 0 0 4] **»4> J E , J-fefl'2 0 0 A(Ci3V^-C, h5 
>v^^ 2 0 2* , ®***t***t» ^f^y* 2 0 1 
40 t<r>ffl\~>) - tWtfiWtfift'Z'* 'J -9"SM\t^-^ 

2 0 1 (Onffii&W)*^^ E*«»OK0 *«* 

[0 0 0 5] »J 7 U7 ->a©^USSLTJ4, -feV^TV 
■/2 0 5 *«* + ^<5/^ 2 0 1 trfiFijiSixrv>4fl|»S: 
fS^tii-ro ^Lt*t^->? 2 0 1 *i:tfi f ftASK 

A^ttTv^wtijiiJfflf L/j^^I4^^^^v^ 2 0 1 f <0 
50 [0 0 0 6] 



5 

U J: 9 t + iBUB] L*L**«fe. -O'J 

y^flHr***:**?**. 

'J 7 1/7 ->jL»f^*«J|5UfT^d&R 
0»x.tffi£3fc<ODRAMTN4, lEOV7l/-;y 
a-fhWi 1msec -Sim sec SffiOJttSffi^ffiviJH 

[0 0 0 7] 'J 7-Uy->a»ft*^T-»TV»4MT»4^* 

[0 0 0 8] *«W»iJeLhOHHjftS-«*T«rS*tfc<> 
.5/a|Mtra±oniH, BP*> 'J71/7 va.#-XB#W;o*g 

[0 0 0 9] 

*1 HreJ|tl¥SfMKhKtt»*fe*i, *2 

2 MEft2¥*# 

»±K»»tfe*i.<:»*fWifc, MfBStmteJistfMSBM 

E*^**fls«i:#K**/t->***jftU M8B*2¥ 

iswi scrams t -ram® t ^i«x.-5>- ; t';-tr^-c$> 

^> T, MSB* 1 O^^E#igS«i#<) 5X1 0 17/ c mm 
Jtft 1 x l 0 20/ c mmTiz^ MSB* 2 O^fcMSiiftft 
ti**J 4 XI 020/c m3JSLtK % -f-tt-?*tLt6:3g#n-5)o 
[0 0 10] £fl5S&93<Od*>li!:gfc£2 »c*»jj»itott, 
1 SB«©> -=6 V -k^rtcT, MSB*-V/*v * t 

ffriB-t^ h 7 > & £ *ni&i-&«Niii6f»jK&SKtt 

* h U--vV- Kt, MSB7. h U-->V- KtMIB-<0 

[0 0 11] iO»WOd t.BI*3R3K:*»<»4tOli, 
W*Sl3Hi2IB«<0>- : & 'J-tK-4ot, MSB*l-¥- 
jS^B 14, MSB* t^'yJ-^'Jyl/^yaSti^iti: 

[0 0 12] icOfg^cO^ *,m*JS4 K^ja>*<b<OI4, 

;u f- ? -©MSBV-7./ KM >ffii£±lc 

U ® £ £ ft * * / < v * t i ffi k. i> J * ' J -t ;u T- h 2, . 
[0 0 13] iO«WOd%l»*JH5K**4tOJ4, 



(4) &m 2 0 0 0 - 3 4 9 2 5 8 
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<0M8BV-*/ FN v^Ii&JiKffcltfbtL/.ifj? i 
t> illfE^ 1 1 KfSili: i c tf JH< 7 > ^ 
£ffi«£*i*:*2*M««tR^ ME* 2 Jf|lfl*SfSffiS* 
f3L, WE*l*tfflU:fc»Jfc3ftfc*2**flsi:, 
IHE»2*tflit^LT»B*l tcftflt £ fi * 

[0 0 14] £©||l£<0? ^ifj£Jl6 tCj^* fcOtt, 
#iHMItf8©±ffifciJ v»Ttt»t "b *f© V -*/ K 

MSB*1 h^v^^^UWLTJSraffiSKS-^U-C 
ME**#*«OJ|[«*l«0»z4JV»Tit«fL., M5B*1 t- 

fc**^**, ME«ra^K^»ciJV»T, M8B*l 
h 5 > * <0MIB-<0 v -* / K L"f >«JA t MSB* 

^2 I- 7 > y ^ # t iffix. 4 ^ t 'J -t ;vt*4„ 
[0 0 15] iO»93©a *»W^7 t<0(±, 
20 R^Jl6SBfgO>^e '1 •kK-iot, ME&l h7>y 
^^tMSfi«2 h7yy*^? t(*m-**ffl-C*0» M 
SB^l h 7 >v^.^OMSBr- hSffil±^2««KtzJ: 
•5 -e-<0ffiiJSSr|I*5tL, MSB«2 h7>-^?OUE-^ 
©V-VFH >«*tt1WE»2«»R*^LT-€-^ 
-?*tME»l F 5 > ^ OiifEy- h tCCRfit 

ho 

[0 0 16] Z<D&BJ1<07 *>a*JR8 ICto>t5^ fcOfi, 
If^eSBtgOpi^eU-fe^-C^oT, MIB»2 h7>y 
^.^fi, MSBSfll h.7>v^.^(0±^lCSS»t'b*t^-7'- 

30 nit, MEr- hn.m<ommim j 5m2iimmti: 

Htc^TL, MSB* 2 h 9 >v**<DMfB-*t<ov-.x/ 
Kl/-f>||*li, MSB»2«fe^lK*^Lr-5-*L-?*tLMSB 

*2 h 7 >v*^^coMSBr- fm«i^Bi«i-s 0 

[0 0 17] Z<DftW<Di *,B*a9 tOI4, 

H*S8SBm©>'=e';-fc;u©$uW:£ftT-£>o-r, MSB* 

[0 0 18] Z.(0ftW<D7 *,!I*JR 1 0 IZfrfri, t O 
»4, W#JH6SB®©> ; e , J-t:;l'-C-2>-3-t\ M8B*2 h5 
40 v-^^^^-^^gey-^/p^^ >H«i:MSB* + ^ 

t «:*«-t4*j»ff«SrEK«i N MSB* 2 hy> 
i<'AjH±Mtl-ft<nv-x/ YV-i >mi^<0^rti^inz 
BSI«i-i*2^IBS*M^L, iRKtt2tt«kjK£$1- 
-5MIB*«^OSM(i> Sfay'TRfO^^ < i: 

[0019] c:<73l6^<0-9 *>H*S l l to 
14, S*JI7X(4] 0fB«!c<0>*'J-t^T-*o-C, MSB 
*2 h 7 >v^^(73MSB-i-f<OV-^/ KU^f >fIMt 

so [o 0 2 0] z.<DftW<n>n *.S*Ji l 2 t <o 



(5) 
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«4, (a) *i#««iIi:-JtOV-^/Kur/ 
(b) — OUrBV-^/KU-f >W*r»iB+* H^> 

^**i-4»Mtt*R*»jai-4iet, (c) tsh 

(d) 

axe fc, (e) «fESii>ji*#Sr^L 

* *»«t*xe i £ff;t a y 

[0 0 2 1] £©»WO^t»«l*ai 3»c**»*tO 

tfTEIS (c) «i (c-1) HBhUVfCttU** 
#it*»J»i-*iai:» (c-2) IMBiMMWMMl: 
L-CltBBMt**#K*#*X«i:, (c-3) 1KEK 

ft**#K*a#5»»=B{*LT, ure— ©v-*/kv 

sg#R * a is t £ * o 
[0 0 2 2] i<o^©Hi*Sl 4i:**4'b?) 
«4. !l**l SlEftO^^U-fe^OSIiS^ifeTior, 
*BI8 (d) «4 (d-1) flrE-<OV-.*/KW > 

^itiiit, (d-2)fEia>7>-^n 
a» 

[0 0 2 3] 5i:^-5>tO 
J4, 11**1 4B«0^* , J-bA'08jS*ftT*oT, 
MEM ( d - 2 ) 14, ( d - 2 - 1 ) ttEiKS! F5> 

[0 0 2 4] If ** 1 6 K 50*^ a fc© 

J4, (a) *g#g«W±®l::-ttOV-*/ KW > 

mi h?v^#t»*t*I8t, (b) h 
IiO*tt«^«»Ht»«tiI8i:, (c) -© 

tJBJfci-aiUfc* (d) WE* 2 h 9 > Srtf-L 
TftrE$ 1 h 9 ©ffiE— OV-* / KU-f >IH 

[0 0 2 5] i«fiff)Hi*Jli vcM^iro 
14, 11**1 6EtO> ; e , J-tJI'«)ia*ttT*o , C, 
ItEXS (c) (4 (c-1) -oKEV-VKM> 
fR«± fc1RE*e»R JBifci- * 18 

(c-2) 1WE i MH*:«K'<' *>£&ALT, WE 
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®2 h *7~sV*9<F>%%L-ft<T>V-7s/ KW >\Z&t 
fL^f-^^^m**®«taigi:«:^1-ao 
[0 0 2 6] i^WHBMl 8 

i4, »**i 6E©o>*';-tJKoji}5i^fer-^o-c. 

tJEXS (c) \i (c-1) -OltEV-X/Kl/W V 
W*±fc. *A*it4*»»:0'**SJ$**.*CVDK 

«r#l-a 0 

10 [0 0 2 7] .TOf&W©? ^fl** 1 9 ic^afc© 
J4, H**l SE^O^^V-t^wSSiS^fef $>oT\ 

itrEiS i &*ti-?tv<D®.<Dmtzy-x/ K 

w **t, iTt-s-ti-pnoWE-^- bmn 

«4£>oteii**u irEie (c) 14 (c-2) hex 
iff (c-1) iz%±*>, HBtov-VKV-fvW 
.t-cWE— ttoisi h9 >y^?of*iwo«(Ey- 

h«€ira±©ra«r?c*fet?^*i-axei:, (c-3) 
I9EXS (c-1) OfcK,.ttiaaE«**K*i"*X« 

20 fc*Ht-*-tao 

[0 0 2 8] 

rsiWi-ao 

[0 0 2 9] B5 1 «4— ^CD^^e'J -t^OfllSKoBrB* 

H-we-; nai 3K*atc*a*ii.s tr^ h*ai 314 

30 [0 0 3 0] ^(tiSWpSO^ifri^KOi 

nI<OMOSh7>y^?9 1a, 9 1 bt, itL$-JS 
Hfc«*lttfc$Mt»Mk-r* ST I (Shallow Trench Iso 
lation) *»jftLTV***^#**6*K2 fcjOTBlftSft 

[0 0 3 1 ] M0Sl-7>v^^91ali, y- h*fe*i 
R3i, *©±fcttttfe*LlH5 0K*»t*7--K*2 0 
4 0*ttt*fcty- hm®4 0 1 a fc&:frl,"CV»&o 
TOCLTMOS 9 1 b»4, f~ h*fe$SR 

40 3ty-ftI4 0 1btitLt^4. MOSF7V 
v** 9 1 a 14— J*©V-*/ KW >$fi£5, 6 a £ 
*LTi5t?, MOS h7Vy'X* 9 1 b 

/Ki/>fyia5, 6 b *^ru-cv>a„ ijra-<oe 

1 3H?g^$*taMOS h7>v*^^ 9 1 a, 9 

[0 0 3 2] I«f, y-M14 0 1 a, 4 0 1 b JiW 
, * ^-«-ttie»ll 2 ± K I4E^ * fi* * «; * ;i- 
©7- Kifciy- >m®4 0 2 a, 4 0 2 b#»8S:S 
jlTV>S. y-Hl4 0 2 a, 4 0 2 b, 401a, 
50 4 0 1 b 14. -tfl-Mil&HkR 702a, 702b, 70 
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la. 7 0 1 b-C«IK**l&TB*»<lTV»4 0 jfi«kJR7 
Ola, 701b, 702a, 7 0 2 b t*igfc&fcl 
(V-*/KH >«tt5. 6 a, ebXtf*^** 

[0 0 3 3] &ffjR7 0 2 a, 7 0 1 aOMKIi/ty Y 
1 0 a* 1 , JBJHR7 0 2 b, 7 0 1b OMCtit't? K 1 
0 b ri*, m&m 7 0 1a, 701b ©WKfctH? K 1 0 
c* 1 , -S-^^ISrlt <btlTV>^, 0 ^-y K 1 0 a, 10 
b. 1 0 c II, -fjifnv-^/ KW >!B&6 a, 6 
b, 5 lc&fliLTV>& 0 KlOa-lOcli, 

cOjgi/tSrTtf* if 5 X 1 0 20/ c m3jy Ji<7? 

[0 0 3 4) 1 , fgjffK 701a, 701 

b , 7 0 2 a, 7 0 2 b, Kl 0 a- 1 0 cBIH 

tcli/t-y Kl 0 a, 10 blz-Z-ti-?iim&-t& h 
9a, 9 btfWiM LX&IW b1XX^2> 0 % LT h l/Vf 
9 a, 9bftl:iHfi-fM7Kl0a, 1 0 b CItt 
L, ^o->'J 3 Vg-ffcJ&l 4 *»t>BtttS^ h U-->V 
-Kl 1 a, 11 b tffctfZZtiX^Zo i/c, WfffiKH 
mtlttW, \L-j M&l 3i«gK«l 2*t=©I££ 
ft, Kl 0 c tSSpc^ttrv^o h u-->v- k 
11a, 1 1 b*±, nffl^*Mfc**tr:i*'J 
v-V =r>-CUj££;h., -eojgSt&Ttf**:*^, 3f 1 
XI 0 20/cm3JiJ 1 ±^ieScD^f{Jt»^K-7 , ^tLT 

[0 0 3 5] ->v =>>&imi 4 ±lzUWm<OTUTtm. 
15 a, 1 5 btf-Zti-ZtiX hU-vV- Kl 1 a, 1 
1 b t=»»LTK»t«»itTV»* 0 TWW« 1 5 a, 1 5 
b l± * - >; ->'J3> -CJ^JH $ ft, ^Sfb L 4r v» J: -p KB* 

i±4xi o2o/c mm±(o&m<7>m&v~7ztix^ 

[0 0 3 6] > ') 3 Vfl-fkil 1 4 , T6B«@ 15a, 1 
5 blJ*f^->^il«:ll 

v^SSMi 6 i±Mtw-t;i/-^u- h l 7X-mt>tix^ 
Z>° TSBmSl 5 a, ^tAy^glMl 6, -fe^T* 
U- h 1 7 l±*-v 1 8 a 4-, TSMKS-1 5b, + 
*>**s9ffi1LW&k 1 6 , -b;U7"U- h 1 7 ti*-V/<v* 
1 8 b Sr, fWnilLTV^o t^yu- h 1 7 t± 

T-jg/££ft, ^-^-tv*- 1 8 a , 1 8 b <£> ±.W%M t L 
tStgfi. 18 a, 18 bli@Wiffi^l 

[0 0 3 7] \&±.ff)t 7 K, m^^n^-JtO^^-'J-b 
;H±, tf » h & 1 3 t V K W >«J* 5 t *«aSc 
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ES-^o <SU «3B«QQO*«Ofl|j«Kov»-C<)|B| 
*ORB#aTliii. 3E«w^co*SOa, b £*B& 
LXl&WZ'i77m£1) t &Z><, -oi*)3zmiZa, b<04v> 

[0 0 3 8] gE«til«lt LT# + /<v^ 1 8 

io anm±. v-vkk >«ttfiHift5, 6fc^##a 

Ml 6=5rf(wi3(t4';-^mo£^ir^J: "J, **fctt* 
ULSt. *-T-DRAMT-|B1g£<SM#LMtf£*:*!> 
{cigut*-*- i 8^ ; g}S?£&A-t<&, >; 7 u y -> ^ 

[0039] m k. i omte**- 1 v 

SftTiSiJ, **-XB#KI±y- Hg4 0 1 colEft^O 
VtzfS:5e£ft.5> 0 ^f-r^N'v^ 1 8 »cJE?L***SfS*tr^ 
&tKS|-CI±* * 1 8 0TS|5m@l 5©lftli2V 

l-«ffifL5i;oJit*t^y? 1 8 <D%z.2>mi±iZTi!) < 

»?, sv^Aftwrm^ssL**'; lt^im 

«Ll ^<b^+/-?V^ 1 8^gfLtT-&i t iZ£*), 

[oo4o] **»*flHRojnft*iaai-*fci6, h 

m«£4 0 1 JrSRL, V-VKl/-f >&t8.SOW,&* 

±#^-<i-, ^-v^-fv^ 1 8 \zytz.bixtzmm.<DWiz-mL 

30 «Hx.^*§ii*B#tc»±, 1 coUfi:**- l 

vK»ae*iifcs a x-y- h«®4 o 1 ^«i®«tt2 v 

^^.^•BELT 4 Vtc, fcf y h^l 3 ©Sfi* 2 VtC, ■?■ 

/o^*^e#^«i ^tkfrtizztx-, T^nmi 5<om 
mtm.mmtL2vizfj:i> 0 w^&x.tuf, ^-v^v* 1 

8 izl±lEKrf&x.bti2>o 
[0 0 4 1 ] fLT, wt<ohjs«o^s-c»±, 

^«i i:^r-r^«->^ 1 8 t<DF^<o'j —?%m.*wm-fh 

[0 0 4 2] B. ^V^'s? 1 8 t V-*/ KU-f >fl 

i±, -€-og|{pi^:6<)Beffi(±iii5 uc^^a^^ffit^r- 

*>-5.7ii f , * + 1 8 t V-^/ Kl^'f >fBi* 6 t CO 

[0 0 4 3] (b- 1) **W«f#i* :ll »±^H0J 

(w^^a^^e>;-fe;i'2 o o Bn^mm^T^-tm^mx- 

tbi> 0 @5 0 H^$ix/c>*';-t;l'2 0 0 A tJt$21--2> 
t, ^--v/* 2 0 1 t h 7 9 2 0 2 k<r>ffi\z\& 
50 gtRl, R2, R3 (WT, itl.fr.<^-?-tL-rtL<0«gLffl 
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tRi, R2, R3it4) *««?dK*«**fCV»** 

jftNl, N2, N3. N4. N5, N 6 li-HHMt** 
/<5/^ft«#Bll 6tTunmi 5iO*«m 
Kl 0 £ V-VKl/'f >$l*86 iOfifttfiBf, y- > 
mS4 ok e 7 H»l 3, * h U-">V- Kl 1 
7 Kl O'tOSKlff, TSem«ll 5t^h V-vV- 

Kl 1 v»*„ 
[0 0 4 4] #-XB*Kliy- hKffi4 0 1 <Oltt (» 
ft.&N 3 O*fl0 A'OV IT ? h » 1 3 Of 

© (Sa*.N4 0ie) *«V d d/2 lClSJe$H4o * 
^/<v* 1 8cD^x4mff (»«J*N 1 ©, 
#i-*mm) liVddT-*^ 'J Sift I (»T, * 

2, N5, N6 0tttBWf-Vdd-I (Rl+R 

2 + R3) . Vdd-I (R2 + R3), Vdd-IR 

3 tttZx, 

[0 0 4 5] ti*TF?5'f**9 1 (-fe;H»5>v 
^^ 2 0 2) <OU-^«««RHi:LrJ±, *Offi2» 
■t^SRH (Shock ley-Read-Hall) iltli:: J: 4£j£,mifil 

>*JHitjI(TAT : Trap Assisted Tunnel ing) \~ £ 4 

<0H«f \t%M<r> \ > * )i<Q%L ic J: 4 'J - 
ffjT-<fc4 0 -E-i-C. «igc.$N2, N3IS<Otfii^h? 
< LTV-^flEStl */hS<1"4 4«, 
[0 0 4 6] l^u T«6«ei 5it£Z.it*mfZ>K 

SffT-l±«#tfitR2, Rl©^4<i:tV»r*t*-***i 
* £ * U -t $ *i-4 o 

[0 0 4 7] ( b - 2 ) MM<oi&Wi l . ^Hifco^ffi-c* 
Ji, TSam^l 5«>««;teR3*fi:< Loo, ;<7 Kl 

H£<o&T£fflHliiJ1~4o 
[0 0 4 8] 1212 »i^7 Kl 0O*i"4^^!feitSEi:> 
1 2 O'CUfetta "J 7 U 7 i/asK-XB^WtOM^Srv 
5 yUy?7T*4. TSCm^l 5 O^frtt 

«*BE»iSZ«*»tt*fc*t4 x 1 0 20/cm3J^± 
fRI^If 8 xi 020/ c m 3lci£5eSft*o I 8 )** 1 - L 
T ^ h ^_->V- Kl l oj&igjglifllxlf 4 x l 020/ 
c mSK&JcSfiSe 

[0 0 4 9] — Kl 0<OWMS* , ft<^ 5 

'<7 Kl 0WM«S4'^*i> tKftffiR 1 
ri^hS < *4<7)T^-Xn$^±3tt4';-^®ii£A^7C 
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U 1 X 1 0 20/c m3m±lc-T4 t 'J 7Ur/i#- 
XWpM**®Ti-4ffi|6)^Lv> 0 ioT/<7 K10W 
ttttSftli. 5x 1 on- 1 x 1 020/cm3gSlclS 
jei-4ifc5&»a4 Lvv 1X1018-5X1 
OiVc mSOfSBIiSt 'J 7V»*/i#-^W#ft 
<*oT§l4Lv^ Wfc#-XB#H><? Kl 0**ffiZ<k 
-J-4£4::&«'J-*millt*ffiT3*4j&-eS4 Lv». «*. 
If ^ 7 K 1 0 w$t£j£ti 1 x 1 0 19/ c m3UK^ S ii- 
4 0 

[0 0 5 0] :©ni:ffiftRl W*-tt : i^ 
R 1 +R 2 + R 3©«*t£*J: 0 
4 0 Ut^'^Kl 0£>4>fc< 1 1— SC^S-fkl"^- 

ticj: ^7 ki ozmA,r-tsm-f2>y- Mi4 o 

1, 4 0 2<D?fl<0&i£®&i> t ffi. / )>1rZZtt%*), V- 

vut Lr«iBi-4in.<bTo«*oaffi*r«<i _ 4fc 

v^5»* l t.*4o 

[0 0 5 1] asc, * b i^-->v- K 1 1 o*i-4»« 

Jg£/>$ < UT, fllx.tf8 X 1 019- l x 1 020/c m 
SfctfcJfcLT, iKttttR 2 *-&tf>Xi>&^o :fO»^i: 
UM'-vV-Kl 1 (D-m^ftVct 4 it**. « 
&MtR 2 *HS*ry-^«a*:fiT*-*4jftT?a* l 

v^ 0 -?-Lri<o^-g-ict±if7 Mai h.u-yy- 

Kl It OHOS^Sfi^t 4 £ i: i: »K tf 7 V 
&1 3t<OfltroI14'S<t'5t>' , Ti^ l i)fe s <» *> 
*,4A» IKffittR 2, R 1 <DM.1ot^Xi>M.^o 

[0 0 5 2] «*.«r4*H s F9-298278*&*tMi. 
05 l^BPLT«x.lf, =Sr^^v^ 1 8<OTUmmi 5 

vv - k 1 1 <om mt&mm 1 2 icjsv>nu*»+ n m^us 

4 0 IC i <OT^ftfiS^fi , ' l 7 * 7 7 X -> 'J n >\t 
^•y Kl 0 ^M4ii:^<SSi:v-7/ Kl"f >6 
u*tti- & * 4o 

[0 0 5 3] L*»L. ^bV-y^-Kl lW^t^ 

1 5 t^. h P-vV- Kl 1 tO^#Mb«BEt26*l8:»t 

CVD (Chemical Vapor Deposition) ftW^flx 

a (^a-T4) KioTTSemsi 5^c,^m^-->v 
-ki i ^t^tt»»aE3ft«*t*ur t» ii-srii* h v- 

*J J-Y\ 1 ng?A ! ftv>ot, Sta^R 2 , R 1 1^5. 
^f^#J±/h $ w»7&*<b -Cab 4 0 
[0 0 5 4] 0 3 7bM®8»i*H*te<O^U^^4 > * 
y4r^O»3t*ffi*Xe«^^i"»fHia-C*4o 
v'J n>£±j£#i-r4pS!!<0¥ig#&«l ?ril6fioL^ 
-?-(0±SM^«^l ! !K^HS2 4r, «itfVJ3>«l! 
R-CJBJfiLs ^ »*«»-»]« 
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[0 0 5 5] JfcC&iBcy- M6MIR3 t»S 0 - 8 0 
nm<DWkW-X~W*l&'<k. mm 2 0 0 nm^- htt&tttt 
ZtemZ-t, H^KJSl 0 0 nmOMK2 2 0£Jt« 

$-a-* 0 iftfeojR»icvD*iirjfia-j-4o r-hm 

Mttftt LTBflitfi K— 7 h #y v y 3 £ K- 
/FT^^T^v'J 3>, WS ix/^K-T'h^'; 
•> I J3>0 21«S (x = 2~3) , WS ix/j»K- 

y h t-^e r * -> y n v<o 2 mm^.<o^-r tiz t&m 
t#t^So n* K-mci4, cvd 

[0 0 5 6] f LTi»SK2 2 0 ©±C U->'7 h ^ i* 
U ^¥Xa ; Srigr^-? : J'-->^*Ji-to %ti2 2 0 

V- h 1 2 2 0 V- 
K«iLT«(8t4y-HS4 0 2 a, 40 1a, 4 20 
0 1b, 4 0 2 b *, ©ffSKSitfcifriB] 

— *t > ?~ b~t Z> Z\ b \z i. I), M2 2 0±<0 

[0 0 5 7] ^i:y-Hf 4 0 1, 4 0 2 *^^i 

*> f T-#* 0 «MkM2 2 OJiRJSttW * vx^fv^ci 

ni4oi, 4 o 2 0jlflf*3qi<Ni-«ft£;ft<&& 0 
[0 0 5 8] flUx-tfMS^B^T. 9 0 0*CfO 

3 O^PflOR TA (Rapid Thermal Anneal) £JfeU 

iotiy-F m& 401, 402 <D$m%.v t Tnw 

CD 2 Oi&'HORTAS-JSt. dfUCfc ±t LT#« 
1, 4 0 2©to«©«HliBEKfifl:$fLTV»«fcj&, »5 
[0 0 5 9] &±O«a-C»e>itrt:#j0S©&lB»;:, 

HU lc^£ft* «fc ? y- MJ;g4 0 2 a , 40 1 
a, 401b, 4 0 2 b©**l-FnKJ*LT«»Bl7 0 
2a, 701a, 701b, 7 0 2 b ^{ZZtlh t 
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T-li, *&I§M 7 0 1, 7 0 2 fAiti" 'J3^, jj&jfJS 
8#gHfcvy3>£, *tl?timAt LTV'4„ 
[0 0 6 0] «g«JR 7 0 1, 7 0 2 1 t 05 

NKI&IUR8 *d*£S«40»i, W.T<DW&\z£2> 0 BP 
*>, ftftS'V a >-C;fc&*£i!£Sg7 0 1 , 7 0 2*«pI-> 

®i£[i^\S#;S< t, h^v*** 9 l<D*-y 

-> y 3 > t <oftwm&®g.ifii&^ttw-?i>zmti' y => 

>£*6f£&7 0 1, 7 0 2 bl±, IkifcZtl 

zm&iz x *)m.t l < &v» 0 ftoxv'j 3 >t<owMm 

ti*Kj4*fiv»#*h M x. «fb-> 'J 3 > ^ c, & .& 

8 1 0±titt»tT5S»fej|ft«k|R7 0 1, 7 0 

[0 0 6 1] CTx-lfvU 3>K-fkKS-^rffiU*fta 

>^-c, y-VKi"f>ffi«5, 6±lz**v'j3> 
«MkK©**BSi*U V-VKV-f>S«5, 6 0S 

t£®«tf»*bj!.Tjf6JlSJK7 02a, 7 0 2 bi>) t^ffiSU 
v U 3 >StffcJR 12dt LtHfl"* i k H t ~C £ i, 0 % 
LTCKDtoS^^T^^^^M? 0 1 , 7 0 2tfffi%*l 
tiK^Xl IZ-fZtztblZtt^ lil7 0 1, 7 0 21CK 

[0 0 6 2] ^tz, K-^L7t K-^h7t^77 
*->ij 3>*-C VDSittfStio K-y$tL*^cO 

i6tBt&mz%iWLtz&*)-e$>z>o ^trv'j 3>SE-ft)Ki 

2 d ^JS7 0 1 , 7 0 2C0^ -Jr'- Ml4 0 
1,4 0 2<0±gBlclt«$n^B«-«r^ h y^t LfzC 
MP (Chemical Mechanical Polish) 4&S£2& Lt, ^< 
•/KlOa, 10 b, 1 0 c *Ml&i-2>o ZtUZ± »J H 
5 lC^$nfjfil3t* t #f 5 *t-£)o /<?Kl0a, 10 b, 
1 0 c<0&£ (ff$) ti^-*< tU50 nmWJt* 

[0 0 6 3] fni^lf, CVD*fllORj£a + Tl 

X 1 0-6T o r rSSl:^LT, 5 5 0 - 6 0 0 TCg 

KlOa, 10b, 10c (iHffifiScJE L, -tOttfttt*« 
i§5* ^>o Z\<Dt §iteiSJS7 0 1 , 7 0 2 K^-t*^ 
(Om&VkfrhtiL&Ltzft&t, *m&&SL 1 W^ B B 8 «^ 

Slc^B#F^s*toS-t-&C tic J: !K ^'H" y/^v^'J 

75 ^ ^5t^t•iv>^ {JiJ^^rfSStcifiv^ K-r h ->y 3 > 

[0 0 6 4 ] 7*;P7 77,->y 3 >5rJS D e B ffci-*/H6»C 

zomz&m&m^x-*) 5 0 - 7 0 ot:o?ajRT 
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VD&ftimffl-f S- t\Zi *K -I7*/U7 7^->'J 

K-yh* 1 ; v"J aVSrJ^JRLT^y Kl 0 a, 1 
Ob, 10c i:{|l)ii:tr|So 
[0 0 6 5] Kl 0 a, 10 b, 1 0 c \tm.&<D i 
}K*tt»»flW«ffi<»5E*i'».*«>"^ 1 t 

/^Klfla, 10 b, 1 0 cO#Ii©Hi:$4t4 
hig#ttf J i£< fcS 0 :«)3 V** r-igfit*T»f 

MSl^SI^ii^f^^^LttiVo 
[0 0 6 6] &lcE5K^SftfcS^K> eflx-tfv'J 
avBfrffcBU 2 e **RU lf?F«13tfl 
•Li£f>?X7->t Alt* 9XD2M "CfllJft U Jllw v 

>j n vBt-ftK i2fti"j3 ymtm 1 4 1 

&o 5"J 3>*MfcKl 2 d, 12e, 1 2 f (iJINIblt 
Ml 2 **j£-t*o 
[0 0 6 7] -> y 3 ^M-ffcK 1 4 ±K V h £ 

b Z-**? Km^X Kfo&'f 20 

f + 7 ztizx*), v<; =j va<tR 1 4 so-'® 

P.3*&l§IKl 2 (c hV>f9 il&J&lr&o ->»;a>BMfcR 
•CfcSJglUJil&l&Kl 2 y'Jny-ciS^-; Kl 0 t 
OMW-^^^>^<^SiRJt(±^:^v-><7)T% Kl 0± 

[0 0 6 8] •7^^tLTIt>f.^l'->'^hSr»i 

3>MfbHl 4*^h ?ACLt K-yhTt^T^ 
v>; n><0±®^¥iafkLT^ h P-vV- Kl 1 so 
j£-fS 0 itur J: I3B16 lc^$tL7t»itS-W*c: t**-C 
IS. 

[0 0 6 9] fciJ, K 1 0 t 7 h U- 5>V - K 1 1 

U>^9 *iILT, Kl 0<D±WIZJ * 

[0 0 7 0] £ tz, v U 3 vttffcgt 1 2 d , 1 2 e . 1 
2fliTE0S (tetraethylorthosilicate) BP 
TEOS (boro-phospho tetraethylorthosilicate) & 

[0 0 7 1 ] ^^116 t=a?*ft^:fl|ji±t:fcfcitlfTE 
OS*fflv*TJBS)SSi'ifctt*§Bt2 1 

- Kl l±Ott»Bl2 1 *Bft*U * b U-vV- Kl 
1±KKI»* K-y b#'J v'J a > 
£it!f»U f^glCffllft*'^ v l ) 3 > 2 0£i1£fi(-l 
So *C *6*R2 1 h L/:CMP5aa*lT 
TCtliJ:^ CDS&KW* K- -7* h *' 'J v 'J 3 > so 
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L T , fflffi-fb* U v 'J 3 > 2 0 ft # OT&BmS 1 5 £312 
jfc-fSo :iti:i DB7 lc^$ft*:fliS££*#S £ i:#T- 
§S C iiMVv'J 3>2 0 iiititilr & Z. b \,z Z *)> 
TSBm^l 5 oaBftfcllKMKit**-** 1 
8 <r>Tgm.*m2fe\zV£-kZ-&z>z. btfxz So 
[0072] fflffiffc* v'j 3V2 owjgfiKii. flixwr 

7 KLTfr*>*lSo 4f, 5 5 0~ 5 7 0'C<75 
SK, 0. 1-0. 5mTorr«EDC«/:llfcCV 
D»««>R(&3rt-t\ TSBmSl 5 <DfkM \Z S i H4# 
7.*B?.W1-So -<Oi§S-CTSB'®«ll 5^*®tCv'j3 
%-lZ^ S i H4*^KLTRJE^ 
1 X 1 0-7T o r r^iJSt-e®E-f So tSJg£ 5 5 

o~5 7.o , ciggK«*>. 3 o$r~ i ^rassyMi 

O^fiK^nSo ffiBfb'K'J v'J3>2 0 "bTSpm^l 

[0 0 7 3] *tC«*R2 1 *x-;f>^i:T^*U 

1 6£*il«LTlI8(C^£*L 

gft -> >j 3 >*ftBi. -> 'i 3 >mm. a i 20 

3^> TiN/Ta 2 05/TiNEiI, B S T (B a 
SrTi03) ^fflt^-i^tlJo 
[0 0 7 4] *<r>&. K-7Lt#'J v'J 3>, *> 
&VMi, K-7 , Lfc7t/U7TX->'J 3 v^lt^L 
r-b^^l^- h 1 7 Sr^a'L, 15 1 K^SnfcflUlt 

[0 0 7 5] 4U, ^K10a, 10 b, 10c^ 
h U-vV- Kl 1 ^TSI5m®l 5 «f <£>;F#£!fc£Sfcfl<J 
^tS14f b * S A , ±iE<OXIl \z is ^ X BSB# l>zRT 
A^Oj&i&ST^i&SftSo i|f»CT85«Sl 5»4-€-<O^«0 

^•v^ 1 8 0^*^3E»-lC5S«-C§"5:v>p [ gM7!i i *>S<73 

[0076] ( b - 3 ) n&<or*m 2 . **»o»»t 

iLT^H'-vV-Kl 1 WJSSi'dR 2 Sr ® < 1" S £ 

t-c, m i wis^.N 2<7?mte<oi&T&jfPiiiij-rso 

[0 0 7 7] H9l±*SliftO^®^*»*»4 J'-t'J-feJl'O 
Wit^^-tWfSH^obSo 1215 1 WflfcSKiJV^T, 
U- v J - K 1 1 \Z&m 2 2 *^BS; L/c jftT4*fttt£A 
iotv>£ 0 K-T'UTt^T^i'U 3 >-e h 
U>^9 ^S*iitf^lC> C VD*6«OR*&a+OS i 

■rSdtUi: »3£if32 2 *l«t4 £ t ^T* § S . gffl 
2 2^tl4>*-XAIi, 070^1^7*^777 
v'J 3 v4-*ttft-t"SJgST, h UVf-9 0rtfli*T*/U 
7 T ;y') 3 >-Cffil«>ji**LSffirir h U' Vf-9<orj3PSI5 
^^JttfS^ii/cT*^^ 77 v'j 3 VT-?S^ixS^:J6T* 

$)So 

[0 0 7 8] *<T>mz Y \y >f 9 iz®lf btltz7 *)i>V 
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[0 0 7 9] * M^-vV- Ki 1 \z&\,*x, ttai&Sfc 
£&v>zgffl2 2**ffqSEl-4fcie>k» X h 1>- : JJ- Kl 

u 7 -> * * - x n c ' j - * m se k us a -r 4 « t * * 

KfiiiA'T-l, (b- 1) f^jtSfilci 19, 
•J 7l/v->a-f-X^PWSi,>DRAM-feJl'?-|liltS 

[0080] (b-4) nmvT&m3. *nm<o%mx 10 

WLX'<v Kl OO&ttttR 1 Srffi; < i"4 i t T, Ell 

[0 0 8 1] m l o ii*jt*So»]B»ci»*»«^ ^ 

?KlOa, 1 0 c iz£m 2 3 * JBJS Lfcjft-CMMRWK 
^&oTV>*o K-7'U:7 ; e*77^i"J 3>T* 
'»SK701 a,' 7 0 2 aOH, ft«i7 0 1 b, 7 0 
2 bOHSrSJ&atrRfc, C V Djfe# £ t lc 
* •? ffifl 2 3 4 ii^tli, /<yKlOc K 20 

i3V>Tk£r(<0 2 3 LT & Jl>> 0 ffiffl 2 3 73*T-#& 

>#^X-M4, £jf0 2 2 3i J T-i*>*^XA t(H|^T-* 

[0 0 8 2] Ay Kl 0 a, 1 0 b Kj3V>T, 
5*-V»ffiSS2 3*q?«1-4fe*Jw, Kl OOSStffi 
R 1 £ig;*:£-£.&.r i#Tli, J:oTfll6©JiaR2 
i:Lt'j7Ur/a sK-XB#K**fi v» D R A M -t ^ 

[0 0 8 3] (b-5) XffcOJgSU. $S10iit- 
fc«M»I*to?ett**U« LTA 7 K 1 0 WffiStffiR 1 fcffi 30 
<t*-tT% IH 1 C3««jftN 2 ©«tt©ffiT*«1W-r 

[0084] mi utt&mvi&mzfrfr&j-tv-bfr 
<ommi m-r mmmx-bZo ms i©«i6i:jtiM-4 

i, x h V-VJ- Kl 1 «••£•*!>, i^xi 13 i^igttg 
«1 Ji>c>8^ffijj£a5#lira-T*47l*, ;<7Kl 0a, 
10 b. 1 0 c <J?1fjt^^cTV-2) 0 
[0 0 8 5] J: 5W«l:filtf, *fi4tJR7 0 1. 7 0 
2XtTiMW£^i»iflW*M»*tl 1 2XO f *©±©« 
IRBE 1 1 4 X-mt>flXii *) , 701a, 7 0 2 a *o 

OMKfc^TVt? Kl 0 ari { , *&fSJ&7 0 1b, 7 0 2 
b OHtCfc^-CAs' K 1 0 bri*, jffe»JK7 Ola. 70 
1 bOHlcfcHTV*? Kl 0 c:**, -tit-fiUBHitftlSBl 
1 1 2&WgtftJKl 1 4 «rjraLTBt»t?>tLTV»* 0 * 
*^MO±^f«I2 1 2&£>*t<9_h<7?jffejf®|2 
1 4 73*goTi3 »K *tl-?tl'*'? Kl 0 a. 1 0 b Ujg 
Mt&^hU-vV-Kl 1 a, 1 1 b#IPttSl2 
1 2Mft»K2 1 4 4-»jffiL-ctS:»t'bnrv^ 0 jgm 
ffittR 112, 212 X^M^flg 114, 214 
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[0 0 8 6] BP*>, Kl 0 a, 1 0 b <DM £ 
17 0 1, 7 0 2<75^5?<t 13 < L, iftfc©*-*- 

4«StliR 1 £Ki >), %JfcOJgJ!l3 t 

mffiiZ LT'J 7i/7 Vitf-XBfM^ftvD R AM-t;P 

[0 0 8 7] 01 2X0*181 3 till 1 1 KjfS JtfcfltJjB; 
fcft, ^lilfTEOS^Ty'JnvMl 

Ola, 7 0 2 aOH. ISM7 0 1b, 7 0 2 bO 
P<8, lfei£§J!g7 0 1 a, 7 0 1 b<aP4K h U V-T-i-iglJ/f 
nttlKMl 1 2ftCfKlHRl 1 4*5SBU V-*/K 
l"fV|I**5, 6£8ttS£-££ 0 LTClttibtO 

Mi K-^Lfc7*JU7 r 3 vc^&KU 

*6^JK 1 1 4 h y^tf&CMPi&lSrffctA^ 
KlOa, 10b, 10c iT&Wrtk (121 1 2) . 
is, *HJ£o®Sgi;i5^rni3v»r^N*u' ki 0 c i±B(fE 

[0088] *<r>-<k, mm<ommi tmmzLxmmm 

& JK 2 12, iPfe^K 2 1 4 , .X h U- -/V - K 1 1 , Vf 
^ h^l 3Sr^-r* 0 ^Ztztx-itTEOSim^X 

r>j&$tifzmmm3 1 2^ita^, **-~>jrzin.ti 

*^>X£*toT, /i?^ < t fc^. h \y-V J - Kl lJi 
<^*6^)K3 1 2 £Bfc*L, ^. h \s-VJ - Kl 1 JitcEI 

L, ■€-«3*HUttffi'fk#'J v-U 3 > 2 0 Srltt^L, mm 
JK3 1 2ixh y;<b L C M P iffiSi ^ d - t lc 1 

•j, Gagetcco* K-7*h^y ->'j 3 >inw:Lx, 

fk^U v'J 3>2 0##OT§Bm® 1 5 Sr^i" *o - 

tini <omi 3izmztt?zm&i&z>c\ki> t x£h t , * 
ot, itjfeojB^i t mu<oT.ui^r -=>xm 1 1 

[0 0 8 9] ^iJ, fflffi-fk** 'J -> 'J 3 v 2 0 tt, TS5m 
#1 5<oi*lffliJ«o<^^ibr, ^ffliJUt?BfiE;-r-5i i:7l*-c§ 
4. (211 4 14EI1 HC^?^L^:«^tCi5V>T, fflS-fk*" 

-> >; 3 > 2 0 ^TSBm® 1 5 <oftmiz hMj&Ltz^ 
<omwnmi-wm®X'bz> 0 -oj:-?fcmj£T-(i, tsb 

<9, +t^v^ 1 8 (D2§-M.iiS.i i- *) Oijz.£-*tZ> i t t4 ? T 
[0 0 9 0] HI 1 5 1 7 J4J21 1 4 tc^ & tL/c^iS 

«r»*ia*jonc^i-wf®B-e** 0 a 6 izyastitzm 

JtS:|#7t^, 7L-ixl4*TEO S iffl^r JK^ S *t/j«6« 
IK3 1 2£«ifS?^ -->r2titzUi<-x biMlti 
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X, 'P% < £ 4* M^-vV- K 1 1 ±WJSS13 1 2 

K--/f#'Jv"J3V«-JtaL, ffiiSI3 1 2 
b */tfc LTtCMPMS**? T^tUi >9 > GDSSK 

^it^tli (EH 5) o 

[0 0 9 1] -t«)f> i?f>^i:t|6ilg3 12J:^ 
TI»*LTBIi 6 tc*Sft*fl|j6*»ri»?»» %m<r>f^ 

#y->ijrj>2 O^IHit^lJo 

[0092] ^ © J: ? KJaW-ffctf U 5/ 'J 3 > 2 0 *TS& 
til 5«)*Hi:t3l«t4Ciii, 5fett©JB»l»M 

[0 0 9 3] (b-6) -tofi&oaejK. ±ffiHJSO®^ 
-C»±, Kl b V-vV- Kl 1 O^fiL^li 

K W 6 £OH> /^KlOk^f 20 

y-Kl 1 iKDWL * H/-vV- Kl 1 £TSI$m«il 
5ioim:»«t*3>^# b«ifi£^EIftt::iis<lS:^ 

[0 0 9 4] C. *^->^18tV-VKW>S 
fcn*ll*<OJ&jBI«\ K 1 0 a , 1 0 bOftfrOK 

[0 0 9 5] ( c - 1 ) %m<OMm 5. 118 l±*S69i 30 

^"*-WfffiH"C*Ao EI 5 1 K^Sftfc«j£iJtteLT> 
;^K10a, 1 0 b t *ii W«fflM I S h 9 > 
*9 2a, 9 2bi:t»L/:»E«:*Ltv^ 0 
[0 0 9 6] m 1 9 li. 0 18 K#v>TM I S hy >V 
7,5 9 2 aO£^Offi£S£i£*LT^BfrMElT-^ 
4o MISh7>y^^9 2al± % «SI7 0 1 a, 7 
0 2 a^Hfc¥i»#*«l UiSv^*bnBV-VK 

Kl/'f >««2 4 0««»JSt«x.TV^. tLTV- 40 
VKU-f >ffl$L2 4 Kli* FU - >V - K 1 1 a 

[0 0 9 7] «&R7 01allF9>^^92aOy 
- htt»Rt.UT<>«llBL. h?>^^9 2aliy- 
hm^4 0 1 a \ztm$ft2>n.tiL\z£<>X*>/'*ytf 

[0 0 9 8] 0 2 Q\t±U<r)Wl£<D 1 <o<D**V*iA>2 
0 0 C^«fflfi®»*^+®ft® - C*>*o b7Vv**2 
0 2, 3 1 ORtf* 2 0 1 <i, 1 9 so 
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O b 7 yV7s$ 9 1 a, 9 2aS^t^>M8ai: 
*BS-f*o ifcMjftNl, N2, N3, N4I±**H* 
ftTS&SSl 5 a, V-VKU-f >H«6 a ^ b 
m@4 0 1 a. V-VKM >W*5fc*Mi + 4o <S 
b L'-vV- Kl 1 a5^7 Kl 0 c O&tfCteft 

[0 0 9 9] tMttV d d t«xtf 2 V tt&o 
>v** 9 1at*ir/<'>M8 a **fc»Jifc S * 

9 1aOV-VKN>««6aOie#0Vi:, * 
7 Mill 3 0«tt#2V»:, MS4 0 1 a <omte 
#4Vi:, ^tt^ttts^^n^o :o*ttTtii, b^ 
>y^^ 9 1 a<^-Y*;vffi*£2 8 f: b 7 >V*9 9 2 

aoft^W2 5^ *tn?tis vmmm3 1 

0 1 ai:j&otK<Ei«:««t4o 
liTWWffil 5 atf*fc* bi'-S^'- Kl 1 a* b ^ V 
v** 9 2 a**LT**#*«l^«tiT-*fcae>, TSB 
mffil 5 a^mffiti2 VKfc »). 1 8 a 'H* 

[010 0] — >-tV4r;i/*^-XttffiO*^ fini 
£ 1 1 Vfc*t«F3*ifc4 4 > <^ 

- b m@ 4 0 1a omfi (02 0 OSMaLftN 3 OUft) 
^0V, e-;H8l3 0«tt (H2 0Ofta,«N4Ol 
tfc) **1V (=Vdd/2) fc, *tL*ttlSi&2ti&o 
iOa^TStS 1 5 a <7)^a (El 2 0 O&jRj&N 1 <0 
ttflO *i 2 V (= V d d) r*^>o EI 2 0 (Ofttt^N 2 
0*ttlih9>y^^3 1 0 (Ell 9<Dh 9 
2 a) cOfi&fflmE* A LT, Vdd-AV^'b 

[0101] KIOJ: ^:F7>v^^9 1 a ti, 

3ffi^^T*(i. f7>'^^91a^^^M8a 
b y >iSX? 9 2 a ^4L"CV^C0T% M 
** f *7"t* - t »w J: »)EJ5 1 ^SttfcflUSJ: «J t 'J 

[0 10 2] ±EOtt^*ci3V*T, h7>y^^ 

9 1 a £mj£S3st^£^ , ;-fe;i'rt*> «»R7 2 a * 
ftL?z<y- HS4 0 2 a J&^(Ol#i:J: oTKfft^L 
&v*J: ^ % bmffi4 0 2 a 7- KUlttffi 

jR$ti4^Mi:li> y-Ml4 0 1a, 4 0 2 aU 

-o. 8 — o. i vo£«tt*epso-f tiiar. \yyy 

X* 9 2 aO'J-^Mtl^Hi^i^^ 
[0 1 0 3] El 2 1 \**^M<D1fmizfrfrZ>***)*)i< 



i 



21 

9~~>9LXi*9 2 9*Mf&i-&o 1*9 2 9li;< 
vKlOa, 1 0bM^SHi$^S o ^C, -?^?2 

KlOa, lOb^SAU p fflO-f- * 2 5 * 

itfJtSo rflK-fc tj. /N'-y Kl 0 a, 10 b + * 
>MW*2 5 J: "9 fc2v»«KV-*/KU 
-f >««2 6 *V»«fcV-*/KW >ffl«2 4 
Sr. *tl?H&-f2> h ?->*JA9 9 2 a, 9 2bi& io 

So 

[0104] h7>y^^9 2<OV-^/Kl/-f>'iM 
ffii&2 4, 2 6J4, /<? Kl 0 a, 10b, lOc^I 

lit?— JeCOtftgT- K-7*Lfc7 j eJl'7 7.x->>J =J >*i£ 
«L7tt<7)S-^cC)i iffiffli" So £>-&vMi|2l 2 1 &C£V> 

[oio5] -?-<ot, 2 9 *ifc*u $it&<oMm 20 

[0 10 6] (212 2 li2^Hife<0Jg^tC^^4>* 'J-fc>W 

KlOa, 10 b, 1 0 c £®/jS;-f •S7t#CD7- : e;i'-7 t 

n>£CVDK<fcoTift«1-*I i KK£v>T, S 
i H4t-*f icgS-r^-Sr^nix.^ PH 3 . B 2 H 6 x PH 
3 OJffi(C-t*tldT, Sim, »©«K3FIMW*K-7*3 
ft, 9 >ffi**2 6, f- 

Y*;HRi*2 5, V-*/KW >fRiS2 4/4 J JH-^lzB 30 
JjfcSftSo K-v<:/ Kojftftli, #K->"fV h**^<^S 
i HitC^-rSoitHtT^^ixSo 
[0 10 7] iOf 2<OS^fttJ:ni^ ^.H^-v 
J - K 1 1 a . lib tc^flJi-f ?KlOa, 10b 
c?*&<c>-f, Hftl Kl 0 c fcffl 

g)h7>v^^lz^-oT'ftt>ibtl.So iOCniWJ: -5 Ufcf 
?HI13 CAES h 5 > # *3^jjfc UT t U v 

[0 10 8] ®2 3Ji*Hifeojg®Jc^-&>'=e >j-t;u <o 
0»£*»4*3©«*#tt*j^»fWIS^**o 
©JgffllTjjsSilfclflfcJ: "K 0 5 ^c;F:£;i^f.:*»ii*• 
jatife, ssvv o>mtmzmmix, mntmati 2 

-f^iyf-y^fciKU v'J^^SIblKl 4 X craw 
«IBK 12^7 KlOa, 10b © Ji^tr g v>T 8ft 
WUBfeiU H/>f 9a, 9 b iltm-tZ> 0 RlStt-f 
t^xyf ^/li, KlOa, 10 bco±ffi-p 50 
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mi 4±<o\s~yx hi*? i>5t-£Km&X'£z> 0 

[0 10 9] ^i:, hU>^9 *ILt, U^, 
12, BF2©-f*>3 OSr/t? Kl 0 a, lOb^iiA 
L, pfflOf- + *^fl|«2 5*»Jjfci-fto ifUCfcr)* 
*JftO®»<D» 1 ©«a#tt4:ra*K LT b 5 > * 
9 2 *Mt4iti«t*i. *1 OKii^ttkratttc 
LTV-VKU-f V«*1KJ*2 4, 2 6 H, ^7 Kl 
0 a, 10 b, 1 0 c*®J0£-*-*ie»CJ3V»T, 
xlfl X 1 0 20/c m3<Dtil?— 5c<O^KT-K-7'L/c 

So *£VM±H2 3»Cj3V»T, I(:I^/f*>aXL> 
v-*/KW >«JAffiiA2 4<7?W^ttJ££v-*/' 
K W >4JWi2 6 ©JF«tt»flEJ: *) t iS«>T £v>„ 

[oiio] ;<ot, %m<D^m \ -cmztitziLm-* 

o rmmmm 5 tra^s > * >J -fe ;u©flHS*»* £ t 
[ 0 1 1 1 ] ® 2 4 nmm 2 7 »4**ift©«i8K*** 

^mn^m 1 T-/TS(i/:ISl:i »9 , 0 4l:f$ 
*ifc«a*r»fc*, ^IStc, MitfTEOSSfflvti/ 
V 3>BMfcJR*JBJ«U -€-<0±tc/<^-->^ett/:U 

^*JSLT, >f6SJK7 0 1a, 7 0 2 aOl1, 

0 1b, 7 0 2 borate hU^ftaO'/'javBMtlt 

1 2 d^ML., y-^/KU^Vf«l5, 6^SH3^ 

-£*o 

[0 112] CVDgf4ffiv>TS i H*k—m 

\Zffi.-fi?**mk.\i, PH3, B2H6, PH3<OJK»--f iX 
(2\ »<OHStC/F*lLi&**K-7*$a. h?>5> 

*9 9 2 0V-VKU-f^2 6, ^-■V*JUffil*2 

OPS> %i!7 Ola, 7 0 1 bCHCM^nfcv'J 
3>WfcRl 2dTti, v'J a>K<UI3 3<0±*»C 

S (112 4 ) o 
[0 113] K-/<'/FO|*li, #K-^>h?ir^<0 
S i H4KJ#-r***ttTftjeS*i.*. fliilX, 
/ K 2 6 -CliJWOfllBEi* 1 X 1 0 19/ c m3 

■f-^^-;U|Slt2 5-CI±SB^C02SJt**5 X 1 018/c 
m3(C, V-A/KU4" >*«2 4 ltiOlK#2 X 1 
0i9/cm3i;S^$fl4 o h 5 9 2 CO L # v> 

Mmntiiffe^)^ 7 o i <om z t * * )i<mi& 2 5 omw- 

[0114] ^ClC, 0 1. 7 0 2 (D±g|5^^. h 

y^t LTCMP^a^=ff^\ v'J 3 >KffcKl 2 d t 
V-^/ KU-f >flf*&2 4 Sr¥iB-fk1-So 7* 
*77^v | j3>|12 5 t ^*?*tS 0 SgKv'J ^ > 
MISt 3 3 ^^*LT1H2 5 $ *i*«j6fc»* 0 

[0 115] ^(C, SJK, C VD^ST-«??r 5 X 1 Q20 
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/c m3C0SKT* K-^UTt^T^i'^-y 5 4 
(12 6) o i<Olgf!6ii7 0 1 a, 7 

0 1 bOW^K-T* h7t^77^y'J 3>T5£*$tL 

[0 116] #J£, CMPif6^7 0 1, 7 0 2<D±U 

2d. V-.X/KU'f VhS^2 4 £¥iI<fc-r&o int: 

1 19 jffi^SIS 7 0 1a, 701b OP^IC^? K 1 0 c 
*6iHk|g& 7 0 1 a , 7 0 2 aOHi:»S>5>^^9 2 

a 7 0 1b, 7 0 2 b <D K K l-5> 10 

#i#e>*t*o HJfc^SU £P]«KL.T0 l 8 

Ktf £ *tJfc*Hft * i t tfX # * o 
[0 117] tX&^tzlifcXl*, iMb7>v 

9 2 *^fli£2 5 J * , V-*/Kl"f >*H£2 

4, 2 6 ^^-t^T^e^^ 7*v'J n >m*Ml$.1-Z> 

&v> e tiz, m<oitt>*)iz, -r)\>'ss, **7V, v**7 

[0118] ttz. nt&<oMm 4 x-mztifc* 7 iz&w 

BELT &£v>o 
[0 119] **M<0^®lci3V^r, S*I5h7> 

v**9 2l±LDDi^ S^ji^^-V^^S-^i-*^ 

[ 0 1 2 0 ] EI 2 8 $.1/0 2 9 it^-ffl t023 C9$H*£ 

s izttBTzwffiZfcKLxm-rmwmx&Zo 02 8 

T-t± f 7 > * 9 2 a * L D D«ii4-*-f* h 7 > v 30 
^^19 2ai:, 1129 T-li h r/'^^ 9 2a *ffl*t> 
&*^-t*;i<<*-;fr-r*»£MJ-7 v->'** 2 9 2 ate, 

[0 1 2 1] 02 8CJ3V>T, h7Vy^?192ali 

V-VKW/W3 4, n-IOV-^/KUO 
$R*£3 5, plOft^^fitS 6, n-IOV-V 
K U^f >f|«3 7, n'fiOV-^/ KW V«*3 8 
>6 f «H £ it T ffltJffi $ fi X v o 
[0 12 2] K \ U-vV - K 1 1 aiV-V K W 40 
>fSJ&6 a tOB^tttiKI h 9 7 h 

'J 7l)<ft$L-fZ> fc, «I7 0 1 a , 7 0 2 a Ct 

[0 12 3] L^L, 1212 8 Ktp£:H&J: Ti:LDDi 
3l£:fi"t& h 9 >"J*9 1 9 2 a i: iC J: 50 
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l), h 7 >i?*9 9 2 a tJfcRLT n p«-frfi-jftO«* 

[0 1 2 4] 02 9KJ3V»T, l-7>y'^^ 2 9 2 ali 
V-^/KV-f >H**3 9, ii-ffl©f-**>MRi*4 

0, n -fiov-*/Ki"f >«au 1 tmmztixm 

j££ftTV>£ 0 h 7 >VX9 2 9 2 a l± h 7 > S J*9 9 
2 a tJfc«LTL*v»4t«E4r/hS <TS*0-C, 

[0 12 5] 4ih5>y^^l9 2a, 2 9 2 a©i 

* fc, fX±.X- Y 9 > 9 9 1 , 92, 192, 292 

[0 12 6] (c- 2) %tfe<OJ&n6. **0»S8 5-C 
^ h 7 V ^ 9 2 l±, ^*<0/n* 7 K 1 0 

K 1 0 li-tot Sfflv^ *<r>±MlzmMY7>*J7-9* 

[0 1 2 7] 0 3 0 li$^O^Jfi<Oli 6C^^&> 

\zm z titzm&tmmzLx, 1. sg^^-st 

2 , MO S h 9 V 5?^ * 9 1 , h mffi 4 0 

1, 4 0 2, Kl 0 a, 10 b, 10c* f IStt^>tl 
tv>i t -C-L-C05 1 tc^^nfc^. b U-vV- Kl 

1 , ^ 12, v 'J 3 vS<bK 1 4 K#Jfc L-C, 
•f-ir-fiiTSB^ h !/-•//- K 1 1 1, iffl^H 1 

2, ->'j3>m-ftKl 1 4 A^lt^tLTV^o <§. S 

rummm 1 1 2 i±e m&mm 1 2 1 1±^^ *) , e 7 h a 

Kl 0 b* , flti£i _ *^5' 3 i:$iffiLX'7fk£1%tz'Km 

[0 1 2 8] fLtv'J rJVg-fbMl 1 4±JCJ±, 0 1 
8 (wfiStifcy- h^®4 0 1 , 4 0 2, KKM7.0 
1, 7 0 2, ^>V->V-K1 1, 2, 
^ffl h 7 > v 7. 9 9 2 , y'Ja vfiltl 1 4 L 
T, *tl*?flY- Mffi4 0 3, 4 0 4,^^70 

3, 7 0 4, ±S&* b U-vV- K2 1 1 , iM^il 

2 12, SSM h 7 > ^ 9 9 3 , v 'J ^ Vfi-fkK 2 1 4 
* f IS:tt<btlTV>-&o v'J3>M-fb^2 1 4±H 
l±, 0 18 (C^SfL^ffiittmtt^LT^^/'fv^ 1 8 
tflfmZtiX^Zo •EL, **M«)®ffl^liliB«U61R 
2 1 2K(±tf7 hltll 3 t¥^(~miS:^ 

nriiJs^-f, »w»»Ri 9UJ3v»rif» HSi3^ ! 

KilTL^^ LT t' » h til 1 3 7 K 1 0 c 



* 
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Tl/>* 0 4fc««W7 0 3, 7 0 4 OTO H18I: 

[0 12 9] 113 1 f*±fEOlf jgO 1 oo>t l J«fe;l/2 
0 0D^ffilsl»*^1-IslttBIT**o F7>v^^2 
0 2, 3 105^t^v^2 0h 7-K«2 0 4 , 
ft 2 7 - Ki»4 1 0 <Ztl<Fiim3 0<DYy>V*9 
91a, 93a^ *-V/^>* 18 a, h 4 0 1 ' 

a, y-Ml4 0 3 ai:«at^ o *fc*fcftNl, io 
N2 f N3, N4 tt^ft^tiTSBKffil 5 a, V-*/ 
K W >H^6 a, ^- h«ffi4 01a> V-*/ K U 

>V- Kill a&lTTSM h U-vV- K2 1 1 a<D 

**- h3W(NK*ft*»W7- K*2 0 4-Cfii<. ft 
2 7- K«4 1 b~C$>2>t\,*o 02 OfcSS*!*: 

^^'J-b;V2 0 0 Ct(0lS^^ o 

10 13 0] HI 3 2 a>^UHr;V2 0 0 DO«*01Mt 20 
'SrBiW"f-&/c*OiaHia-C**o If* h&%2 0 3(*-fe> 
*7>:/2 0 5 K3£*c2*t*-^ IfyMttK^-f? 
^4>Y^^LTAHi^#l2 0 6 K«ttS*i/CV** 0 4 

, f t - ^ 7 f O P L t f ^ - y j| 
2 0 7*:»«SilTV^ e yyf^-y«2 0 7Otfi 
lilt, IiBItt*Vddi:LT, V d d/2 KK:5t S 

[0 13 1] ry*-lr-y»f^li, If7h«a«^>f7 
4> Y*** 7 OttBT^U ^ * - V7s 4 y 9- <D P * * > 

*)ftt>ti, ify HJ2 0 3liRttVdd/ 30 
2 ^I£;££tl£o £<0«fl[lifcf ? HR2 0 3 (D&M&S. 

2 0 8 laot^^tl^o 

[0 13 2] 0 3 3 tt«*lBL»ft*r»i"^-f 3 >^ 
t-ftiio 7-K*2 0 4O«ffi (BPt>««j&N3 
Olfi) , ft2 7- K»4"l 0 (h7>^X^310O 
me) . t'7M2 0 3 OHi (BP*>«M8jflCN4 0« 
m > 8«jSN10Wt, ^a^tLWL, SWL, 
D, GtLt^Ltv^o 

[0 13 3] t 1 OMlCliSttGli^rt^y^ 2 
. 0 1 UioTtfiV d d^$*lTV^ctf* (H 40 
SO o -tLTBMBlt 1 0i:^V>th7>^^ 2 0 2, 

3 1 0 . tffiWL, SWL*fii-Pii 
Vdd + Vthl, V d d +V t h 2 KlS:je-J-&o d £ 
rVthl, V t h 2{±*ti?tih7>iSX* 2 0 2, 

3 10OL8^«S-c*4 o tfiWL, SWLfc-^*i 
mdd + Vthl, Vdd+Vt h2£i±l;LTt 
&v> 0 ffilx.«f^-r*T-4*ffiLfc«i4V dd+VthH 
V t h 2 ic1-*ttf, #JE@S&*iJM-r*ii:^r^^ 0 
[0134] nn t 1 0 K&^T h 7 > VTs * 2 0 2 , 
3 104 { *>t4W, -frJSJSfiiR S»c|RffL3tI*jef» so 
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"C**^v* 2 0 1 Ogf C s fc#5»2&4 2 0 8 £>^ft 
C d iOM^JJV*-c*WOE»^C. m*} t 1 1 Ki3 

^rw-mvtmizmzo ^ LtittD, Gii^KVdd 

/2+VsiWc £Cl"eVs = (Vdd/2) Cs/ 
(Cs+Cd) T-£>& 0 •fe>^7>7 p 2 0 5 ti-ttlST 1 
Klfy H12 0 3*>^-^x.^jxTV>/c7 p y ft-y'Sfi 
Vd d/2tmi2:Dt^Jt©-t^o *LTD>Vdd/ 
2ti^OT% -t>^7 ^ycOffiytJOmffiliV d d 

£o b$S0 t l l <o&izb%m t i 2 n^v^r-fe^^r^y 
^^yf*S#*>U fefv MH2 0 3 0lfiD«fi 
V d d ^$T-±#1"^> 4r>^7 Vf*4 yf-<D S 
^7^^) 0 

[0 13 5] tf * HB^-f ^*Y^*> 

3K:fcV>-t h^>v** 2 0 2, 3 1 0 ^t7H^ 
<. IfiWL, SWL^V>fni?CU *<D&lZl%m 
t 1 4 Kijv*T:/y f"V- y^^f 7fop^>t4o 

mfifcD^Vd d/2K»9fc^ y 

f-4»P^7t-5e 
[0 13 6] B#£U t 1 OJa«Ttcid:mf4GJiOT-*o7t4r 

Vdd/2-Vst^t), •fe>-X7>7 F OUd33 0«fl[(± 
0 i&*o 

[0 13 7] 0 3 4 tt**a*ttft*jSi-^-f ^ 

Fti^o «piai 1 2 omimctemteGta^^v* 

2 0 1 CiotlffiV d d4 { ««fSiit^fctt4 (* 
&) o -tLTWSy t 2 0 K#V>T h7>y^^ 2 0 2, 

3 1 0**:'S-g-*'«<. HJWL, SWLSr-etL-PfL 
Vdd+Vthl, Vdd+Vth2i:R)gt&o -fL 
fci 9. B#*J t 2 1 fc#v>T*ttD f GlifKVdd 
/2+Vsii^ -b >*7>7^ffi;fr<DmfimV d d 
iztc2> 0 *<D&, tffM t 2 2 lCi3V>-CHi >^ 7 

J:"?, 7- K»2 0 4 ^«ttSn*#»*ii*»f^Ott- 
jft -c li * vMtfeco > -=e y * )V<om # § ^ i 

[0 13 8] 2 0 1 <om± Gi2&\Z%Z 

-9 B#Wt-2 3 

2 0 6*6*0«ffl[**lf v h «a 2 0 3 ^S-JLbti&o Z 
^Ct h7>y^n02, 3 1 0 14* > Ltv^O 
T% ^r^^'v^ 2 0 1 ofcttDli-frtflgfitR Si:«ffL 
3t»#SE»T*fc*4 («F*Jt2 4) o en« 

Wi:> »#3&J t 2 5 tc^v^r h 7 > v-^ ^ 2 0 2 , 3 1 
0 £r*7 ^"^^>-<< . IffiWL, SWLomi44-v^ra 
tfiM, P#KU t 2 6 KftV^T^U ^^-*>*^>f y*<t> 



(15) 

27 

P**>L, m&D/6 { V d d/2 USIofc&U, -/'Jf 

[0 13 9] >;7U?*A«ift«ltt*HiLttflEi:ra--C 
7- KI&2 0 4 K»tt**lfcA-CO> 

[0 14 0] Stt S W L *Sfi!W L ICS Lt *4ttffli 

r o£itiIA<T-gsi'fci-.i>;: t >K «*tR SK-K^l 

[0 14 1] R*ttiLiMfcKUV»Tld\ B#SU t 1 1 01 
im-teSteGli+^'v'* 2 0 1 \zi ottSV dd# 
«j***trv»fct-r* (Htt:n»«lt l l oia«fc«tt 

LTP#£!l t 1 1 0 iZ&^X Y?>i?X9 3 1 0 >S 
-£.&•<<, m&SWL*Vd d + V t h 2 JSUlKSSSeI" 
*o -tOlft, Bt^lJ t 2 1 0 (= t 1 1 0 + r 0) fciJV* 
th5>y'A? 2 0 2 **V?tS'<<, IttWL^V 
d d+V t h l£UiKflt£-i-<&o end »)*ffiD. G 20 
liSfiV d d/2^lSl#-3T2$tao 
[0 14 2] *<D&, 113 3T^$*T-fcS)^3ii r ?l§^ 
l-7>y^J , 3 1 0, 2 0 2*iWJSi:t7S't4 
^<<, tffiSWL, WL£, -tti-Ftimmt 113, t 
2 1 3 K*5V>T^-f:ftfc3?KU *r<om~WMt 1 4 K 

d d/2 KSUofc&U, •7VT*-"JX<i -;f*P#t 

[0 14 3] ##a*tt^tcov»rt|B|»-C*i9, B#S"J 
t 1 2 O&lttKlimftG 2 0 1 l:ioTl 30 

z>®<&z%nzt<oxmyiirz> mm. : b##j 1 1 2 o» 

umffiG^-C^o-CSfiV d d^t##^x.t,tt** 
^«OUi^(i5Kii!a-C^?itTV>s) e *Lxmmt 1 2 0 
UisnT h7>->^# 3 1 0 , HffiS 

WL£V d d +V t h 2 Jil±K!S:5e1-.£>o -f-<9&, B$#J 
t220 (= t 1 2 0 + r 0) tciJV^T h 9 * 2 

0 2ttV?«'<<> IfiWL^Vd d + V t h UJl 
iHUtJti-*. iitUl iJWttD, GlimftVdd/2 

[0 14 4] -?-<Df£, 113 4-Cjj?3itfcttfl5rt t 3IStt 
F5V^^ 3 1 0, 2 0 2 Sr-<i0 JlitC^ 7 
-*< v IfiSWL, WL£, ^tl^timM t 1 2 5, t 
2 2 5 IZ&^T^-rtlis&lZL. tCD'&lZ&fM t 2 6 C 

d d/2 uScfcHi:, ^;ft- OP* 5 * 
[0 14 5] ia±OJ: ?»=UTtt*aLH(ft CJ 7 1/-; 
? 2 0 2C0*>^7fe3:-3-C ; f : -* b 9 >v** 3 1 OA** so 
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>Uv>40f, «&RSU«#1-*li*seScj& , /.h3 < & 
m^D, G<0S^-T^)Ji)tli7C§ < M*tHL 

fc, ^fg^* 1 ; -t;v2 0 0 D#S4R$*L&v*8r&i;:j3v» 
TffiSWL, WL^0Vt-4<, -0. 8--0. 1 
V0fc*{a»::tt5£1-:h.tf, b9Vv**3 10 (1130 

[0146] * fc, %m<r>^m 5 t I4JI& •) , b 9 
V ? 9 3 li-fe ^ b 9 * h Y 9 > 9 9 1 

[0 14 7] 113 7~H4 0(iH3 0 \Ztf- $ frfcffiMi £ 

&*Sii:fri£*iaJ<KK*1"Wr® lit? 113 7 1^ 

■c#.&c:£7>*-e£;&o ffiU * b u-->v- Klla, 
llb>i Nil&JtK 12, v"J n y&itm 14, h U> 
f9a, 9 b 14, -?-*t-F:HTgB* b V-vV -Kill 
a , 111b, JIP.a*fe*§flg 1 12, v >; 3 vfl-fbR 1 1 
4, H/Vf 109 a, 1 0 9 b tfI*-#x..f>tt-J> 0 f 
fc, BP^^mi 1 2+Ktrv bi&l 3t*Kt4I8 
{i*B&^*t* ^<0C0, Kl 0 c IcflJ&SiiJL 1 0 9 
ct4 j , H/>f 109a, 109b O^JSSS^t 
T-^^tt, TSC^ hV-vV-Kl 1 1 a , 1 1 1 bO 

jB&B*£m-ie-cM#-e*«3ft*.'*a?Li o 9 

[0 14 8] ^i-, ymmunt l-ct i n/w/ 
t i n<n3mm*mm&^ 3E»c-to±tzR»i»jtK** 

t IC J; t)r- h€£4 0 3 , 4 0 4«H 

vxyf^nsiici^-Mi^oa, 4 04 
!tS^«7 0 3, 7 0 4.iifll«Sfta. *LT, 
ilfTEOS iffi^yiCVDftCiot^^^^y'J 
3 VSHfcl&t?, iffe^K 7 0 3, 7 0 4 <OB**?Ett $ tLi 

--■yfLtzisO*-*?.? bLX^-yfsr&t&l,, if£ 
iI7 0 3, 7 0 4<D±j5W*&liimti>Ztlz£ 1) , 
jfg^^7 0 3 a l:WLtffiiI7 0 4 a ± *J t^-flW<0fS 
«t, ttttK 7 0 3 b Kft LXffl&m 7 0 4 b J: 0 tM! 
<o«i*»c*>'J 3>«<kK2 l 2 diSltiiki'-ci 

[0 14 9] »«- K-7-U7t^7TXy'J 

a > l£«R 703a, 7 0 4a TSJnfcfJS, 
KR7 0 3 b, 7 0 4 b ftfc$B&<OV>r*t£ <>*! 
»atf ST-itlfR1-^o *LT5"J 3>g$-ftm2 1 2 d t 
ffij?l7 0 3, 7 0 4 <0±y?SBSrA h v^nc LT, CM 
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P&g*?r</V jffe^M7 0 3 a, 7 0 4 afttiil/;f 
ig, *fe^K7 0 3 b, 7 0 4 b-e&itltz&mz-Ztl-? 

*UC4 IJE3 8 tc^?^^«ig^#<bti-5 0 
[0 15 0] MK, 0Ilx«4*TEOS£«W.:CVDi&lC 

ft!2 1 2 d t;ffl#I^TJH!a*&iifil2 1 2 £^fiE1-* 0 
f Lty'j3Vgffci2 1 4£gKijt«&, l/v**h£ 

v"j3>70a, 7 0 b £*;ft-F;ft.|£ffi£-ti-& h 

209a, 209b, s^ma^i io9c icaa-r -si: 
a?L2 o 9 c *nm-*z>« 

[0 1 5 1] 1X7**7 r X ->>; QizWrn-i 
* -y 4 7 SrftAt & £ t K J: *) , gfiy h5V->^^9 3 

3V7 0I4, PSf t^*ffit2 5iH4 i *#ifil 
\z-T5.\,*m\ZnW.V-X-/ KU-f >fflJ*2 6, ifv»ffl!lKn 

•7, nSv-X/KU^>Sa2 4, 2 6 O^M^igS 
«rS5*rtAv>o S/c Sil?L2 0 9 c icjsv^r t^SS 

[0 1 5 2] K-yL/cT^e^^T^v'J n 

•/4CVDffiflt«L> ^>f2 0 9 a, 2 0 9 b, 
2 0 9 c «-a*diti-o •£ LTv'J 3 >W.itm2 l 4 

-ft^2 1 4 «t iJi^cOT^^Vr^v 1 ; =>>;o<l&*£ 
ftr±gR^. FU- vV- K2 1 1 a, 2 1 1 b«? 30 
ft, hU>f2 0 9 ci:()V<7 Kl OctiltiSI 
ttOTB^Sft&c CintC J: 19114 0 tc^?n^ffiii7j*# 

*^/<v* 1 8S£>'^^*6^i 9£®j§gu mm&fc 

mi 9(HlZ}£y bj&Ll 3 £&IS:1-*o 

[0153] 4 fc, h 7 > * 9 3 i , $kM<OMm 5 
tcfc^T^StLTl: h 9 >->'^.^ 9 2 LDDff 

[0 1 5 4) El 4 l&O'EU 2 tt^-fft&EJS 0<OtI*£ 40 

T\zftfcThffim*&-ki.xm-i-mwmx-3bz>o eu i 

T*»4 h?>5>**93a* L D D#Jiil£ , ;£"t~.S> h 7 >->* 
^^19 3aC, El 4 2-Cf4 l-5>y^# 9 3 a 
ii*f- + ^;V4-*1--5fiJS! h 7 ^v*** 2 9 3 a K, 

n -pne& l mm. z m l x v»* 0 

[0 1 5 5] El 4 1 IC-fc^T, 1 9 3 ali 

->'j3>a^jg 2 1 4 Uifiv.ffllJ^CjJiltc, n*M<OV- 
>mHL3 4, n-M<DV-X/ KUf >ffii$L 
3 5, pS<0-?--V*;U$fJ$3 6, n-gSOV-^/KU 
•f >tIJs!c3 7, n*S<0V-X/ KUW >^M3 8 /0 { fg 50 
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4 b 9 1 9 3 &*UmtZ>Z.t\z3. *), h5> 

vX* 9 3a tJttfcLTn pg^ttiao^lj^iigfOS ft 

[0 15 6] 04 2CSV>T, b 7 >V7s*r 2 9 3 a 14 
-> 'J n Vg-ffc^ 2 1 4 Kifiv^O^JHtc, n+iS!<DV- 
*/KU-f >fg*£3 9, n-M07-Y*;HIi£4 0, n- 
I<0V-^/l-'H'>fM4 l:Wf Sft-tfl|j£ £ftT 
v>4 0 l-7-/y7^ 2 9 3 a«4 by 9 3 a tit 

Kit L# v»limff£/h£ <T-H©t, *§i2 ! <£./ff 
*&*t!> s 4 »J?giSlcfi : ^-5.aFT^ijT*>* 0 

[0 1 5 7] fcfc h 9 1 9 3 a, 2 9 3 a©S 

i&jsmizi}^ &*t£nz%ijbmm3<D$i&ijmtfw.mx' 
#, v~;<> bvmm^tikmv&fczmffl-rtuf&^o 
[oi58] (c-3) nmvw+J&i . m\ 4\z7*zn. 
tzMmz&^x , A-;Fioa, iob *mm b 7 >i? 

iT^URSrfflMt> «7 0 1, 7 0 2 *3"J 
tLT ii^-r * «S g! h 7 > v' * 9 \z )a tt & M H ^ ft? 

*ji«i-^o &me>&mte. nm<o^m 

5, 6lci5V^Tigffl1--5.Ci:4T-#*o 

[015 9] mm^mi iza^x i>mz&ttz&. & 

8R7 0 1, 7 0 2 U»i->V n >g-ffclRfc SUB fc 
* 5 MJ Lv^ 0 E14 3 14, II 1 4 ? ^fc^dfco ■? 

v-^/Ku-f >n^6 aja^^*t«&-r-&gp^<o^^ 
^-f KrSEir-* ij , mmm 701a, 7 o 2 a * -> «; =» 

v^tKTJf^LTtr^-g-^^LTv^o «6i^m8 J4K»t 
t>nr>/>^v>y6«, ijfe^JR7 Ola, 7 0 2 a * vU n> 
MlTMLtv>S(Ot, iiii*a»#afcKl (v- 
X/ b'U-i >iRt&6 a «r-g-tr) t Oft <9#fi® ig&^ffi 14 
fiv>, 

[0 16 0] L^L, hU>f-9a**HI8«Rl 1 2 
ti:IMxvf>i>-t«t4IS> «Kiffe^Kl 1 2 
t<OR5<Oji!#?Jt/0 J l tcfiv>^*, ?4^JK7 0 l a, .7 0 

Cni4, <-C5&i: H/yf-9 ai K-yhv'J 3 

* LTM 7 K 1 0 a iMtiiti: 4 >3 , /^KlO 

a t r- h m& 401a, 4 0 2 a i: 3 - h -f -5, K 
ffli'^i:* (EI 4 3T*<4/N*-y KlOat^- f^l4 0 

1 a 3- F Ltt^tf 0 

[0161] EI 4 4 14, El 1 4 izmztitzm&wo 
^-rt»f®EiT** , if&ffjig 7 o i a * -> n >mtmx- 

l&l&Lt.zWi&ZmLX^Zo -O^-g", EI4 4<754^tc 
tt«»«l8*M:»t4»t*t»f, tt««7 0 1 3I4V-X/K 
>fli^6 a tOB, /fy K 1 0 a i OMO^ffiUSfifc 



(17) 

31 

mm * s tut h ? ? 5 5 im&t 

[0162] %.wm®.%Btw&^£* nmmm it-be 

&<D i. n \Z h 9 > 5?* * 9 1 a ? h * -V 'J 7»t£d* 

iD^> »S F 5 ^ O Liv>itEWg5lll(:gHt 

M < ft * ffl«5&** * o 4 fc><- >0^'J7V'r>a 

[0 16 3] -f CC*»0»»Ta«««7 0 1, 7 
0 2 lCv";n>g-ffcJ^tffl^^^T-t^ /<- >B# 
CD 'J 7 \sy's3.&4t&j&Z.b-r* *"3/<?K10a, 1 

0 b eQttfc •) C F 7 'j -b;^;£t7-^- 

oS!li&:£ii:^•jF•t 0 

[0 1 6 4] HI 4 5 71SEI4 9<i#£jft©JBIRK*d** 

««K7 0 1. 7 0 2tJ"J3> 

7 0 1, 7 0 2 wa«l±iB# ftv» 0 ^ffiK, #U 

x.(fTE0Stfflv>tyV3>SS1tI*«L> SK-? 
ojiicv-j 3 vfi-fbK *©J:fc'<*— =■ 

tVi7fV^*ftU, «7 0 1a, 7 02 
a Oft, ««R7 0 1b, 7 0 2 bOM, (WR7 0 1 
a, 7 0 "-1 b<DMtC-?-il-ffth Wf9 a, 9 b, 9 c 
IMMMU 1 2 2StW f tt»Kl 1 4£?£SU 

[0 16 5] H/>f9a, 9 b. 9cOftiU 

ti-^v'; 3>Rli, 7^7 7^yU3>-e<)*'Jy'J 
r/fUv. y-HS4 0 1, 4 0 2 •iBEK&'fbv 
>J3>^ct^H 1 4KJ:"3MSfttv>4 
0-Cli£/,fgHb£*i--f, H/>f9a, 9b, 9cO 
nMC*«3*iJfcV'J3VR©*fcffcBMfc**»-» 12146 ' 

[0 16 6] i<Oi iOSlbBHb&ttli, N0®t<b, N 
O/Oa&'fb, N20®-fbWV*-f*i.T-fca.v>o tfc, v"J 

^ >g-fb®Hb§? 5 8 <r>itt> *) tz •> n vsHbESSrJfcjS; l 

[0167] 9a, 9 b, 9 c <0Jg&B<9 v 

ij 3 >S-fb^bR5 8 Sr V-*/ KUW >p^5, 6 
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*K«5»Sr*trK- , /h7*/l'7T^.->y = > 5 9*C 
VD&£fflv>-Ci£ftL, KVVf-lOa. 10 b, 10 
c*3fc«i- *<> i©i:#. Si mif^tb *>K, PH3 

6 2, 6 4 i, n-SO^^*-^*^ 3 i: fc^Jfc U 
8fiF?>^?9 5 *3B«i-*o -> ^ ^ vfiHfcBMfcBt 
5 8imiR7 0 1, 7 0 2 t#lC HIF7>y^# 

9 5<ov- h&mi&<o-&tLxm<a m.&& 

1 1 4 b ?v<KLTCMPj&3*j&fc1"££KJ: ^ 
ffllKl 1 4±<0K-7*F7Wr^y | J3>5 9 O 
iHiTOftU H14 7 K7F£*L*:1?iii£*#<2>o 
[0 16 8] ft* 4 6 1 Sr 

77^y^v5 9CftAt*iti { ii)ISb^ (0 
4 7) o ftAStLfcftSRJi, iOtOIgTOiJ&it 
mffilft U y'Ja VftlfcflHfcflt 5 8tK-yh707 

[0 16 9] ^Jctc, Wx.\iS 5 OtT'^Jii^t^ii: 
t-ilj, 1 Zmmgkt LT K-7"F7<JV7 

7^-/'j3'/5 9«*ttfti"kU w<? >^'J-© 
{5fc A,fc*ftv»->>; n vjg B B B *^fiK$ix^o -€-<D&K7fc8t 
*Jflv»rt:->v* 'J (*3f->V*-) iftiZbtfm 
$ L^o *3tv>*-*fH itci »K vV vS-fb 
K-fbR 58tK-7*h7*fl'77^y 1 J3>5 9iO^ 

**«*-ClMi L , *Ii«MSM&* * <6*+ * O »c i 9 » 

[0 17 0] MK*ifcOJ&Sl4 fcH#CL-C, «BWfi«ft 
1212, ifSi^R2 14, U-vV - Kl 1 
LTH4 8US8iifc*attt*. *»0»ffl 
1 tlB)#HLT^+/N*->^ 1 8 ti«Il 9 *?&BS; 
LTBI4 9H^^^4>'=e , ;-t:JK^«it : Sr#-&-i:* s T 

[0 17 1] ±E«0Iigt:fe^t7t;V7 7^y'l3V 

1-*- fcli^f^-C*^* 4 , •eoH^T^ti, HI 4 5^<b 
HI 4 9 -C^$tL^Iifirov^HlC'btS^LTS.V> 0 
[0 17 2] B4 7 lc*S*tfc«a«r»/c«. iCl-f 

:ti:j:i), ^hU-yV-Kl 1 tTS&mffil 5 i« 
[0 17 3] il%'f^>6 \ <n 

5 8<OBJ&&«B&U tR^vV^-^, S^>f^>Oft 
E^-< ^> 6 1 WffiA, 3>a<kfi^<kJTc5 8 
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[0 17 4] &±-em.WLtz**V-t)l<ffljki±DRA 
Ms DR AMtfffl.*-&iiitzi'Xf-£.LS I K 

[0 1 7 5] 

I»WO»#l £©|6W© 3 *>»*:« 1 

*ffiZft*E*, ft 1 OTOfettftKli* i fi^ioffi 

tltV-^/rw-f >ffi*i:OlHlOl£Etfflft4. 

<, t^h7>->'^^oy- HI*i:«i#L/:TAT 
a % Sr ilS L > * -r > < v * © y - * B oft 4r JfpftlJ -f 

[0 1 7 6] *>m&&2 

jutcj:*.!*, h u-->v- Hi® ra*&i^&lBS*^•;s■a•f 
*7l2:t££•;^rL•rv>*©-t^ » 2 o;ftn«m£4fftv>ft 2 

[0 17 7] Z<D&WV>7 *.||*JI3 iZfrfr&j*')-b 

[0 17 8] ClcOlSBJcD? *>B#Jl4 Kfrfr&jt^y-k 
K £ »t a WEP$T y-h««tv- 

[0 17 9] £ 0»«0 7 ^|«$ 5 »:<»*4 ^ t 'J -b 

;ncitttf. gi/iiiMftitiitjra-*- ami mmtvm 
-r ow<o®ESrSgje>& 0 mox^^^'sf com 

ffifc**2**#««)«(iB*:»frd££4<, -feJH-7 
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a. 

[0 18 0] ,I<D$£l£<0-5 *>W#S6 £**&jt«ij -fe 
S2 h^Vv^^^-b^h^Vv^^/-* 
Si >-->*;* *©v-*/Ki"f >ffii&t**/<i/? 
tOWK^fttiOT, Si h5>^^#*7t4IS 
KS2 h7>v*^^i*7-f-J,ii:HJ:lj. 'J -^miilt 

[0181] ciw^bj©-) *>R*S7 v-t: 

JWcifUf. §11 h9 ££2 h7>v**©ig 

[0182] C <7)fi0J<O ^ *>ff JfcJS 8 * * 'J -Ir 

su-Ht-s 2 h 5 > * iww-t& ^.nzx*), mm e 

[0 18 3] CLW^BJct)^ *,R^9 tz^^^^-=e'J -b 
^O«0»*tt»CJ:<xtf, S2 h7>y^^Wiat:J; 
20 19 , $ 2 h7>v^?iSl h7>->^^ i: ©IHJKfftt 

©ft * ifiiS IZff d z t tf-v £ z, „ 
[0184] i (O&Wff) n *>K*S 1 0 ^ <; 

[0 18 5] z\<r>&w<r>n *>m#.m 1 1 

[0186] i <D&W<D 7 *>H*S 1 2 »Z*»*»4 > * 'J 

ft, y-^«8£**6«S*t4 0 
[0187] i <DftW<D o *,||*JS 1 3 tcrt^* ^t'J 
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